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Specification 

1. Title of the Utility Model 

Liquid crystal display device 

2. Scope of the utility model claimed 

A liquid crystal display device comprising: 

a liquid crystal panel to which image signals are supplied, 
a display light source for said liquid crystal panel, 

a detection circuit that detects fluctuations in the average level of said image signals, and 

a modulation circuit that modulates the length of the period in which drive signals are supplied to said 
display light source, by tracking said fluctuations in the average level. 

3. Detailed Explanation of the Utility Model 
[Industrial Field of Application] 

The present utility model relates to a liquid crystal display device, and more particularly to the driving 
of its display light source. 

[Overview of the utility model] 

The present utility model has a liquid crystal panel to which image signals are supplied, a display light 
source for the liquid crystal panel, a detection circuit that detects fluctuations in the average level of 
the image signals, and a modulation circuit that modulates the length of the period in which drive 
signals are supplied to the display light source by tracking the fluctuations in the average level; and 
can improve the contrast of the displayed images, extend the service life of the light source, and reduce 
power consumption. 

[Related Art] 

Liquid crystal display devices require display light sources, for which hot cathode tubes, cold cathode 
tubes, metal halide lamps or the like are used. Drive signals of several hundred Hz to several kHz are 
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supplied to the display light sources. The service life of a display light source is as short as 2,000 
hours in the case of hot cathode tubes, and as long as 10,000 hours in the case of cold cathode tubes. 
However, cold cathode tubes are expensive. The service life of metal halide lamps used in projectors is 
also as short as 2,000 hours. 

Compact televisions using liquid crystal panels require low power consumption since they are battery- 
driven. A large percentage of the total power is consumed by the display light source. 

A control technology for the light source of a liquid crystal display device has been proposed, for 
example, in unexamined Japanese patent application No. S60-125891. This technology is designed to 
solve the problem of the narrow dynamic range in liquid crystal panels, and by detecting the peak in 
image signals, reduces the amplitude of the image signals to be supplied to the liquid crystal panel, 
and brightens the light source if the peak is high. Conversely, if the peak is low, said technology 
increases the amplitude of the image signals to be supplied to the liquid crystal panel, and darkens the 
light source. In this way, said technology is intended to improve the gray scale of the displayed image. 

[Problems that the Utility Model is to Solve] 

Hot cathode tubes and metal halide lamps that are used as display light sources in conventional liquid 
crystal display devices have a problem, in that their service life is short. Furthermore, the large amount 
of power consumed by the light source poses a problem when the display device is battery-driven. 

Therefore, the objective of the present utility model is to provide a liquid crystal display device that 
extends the service life of its display light source ,and achieves low power consumption. 

Moreover, while the technology described in the aforementioned patent application improves gray 
scale, it does not improve the image contrast. 

Therefore, the present utility model provides a liquid crystal display device that improves the contrast 
of displayed images by controlling the light source. 

[Means of Solving the Problems] 

The present utility model is a liquid crystal display device comprising: 
a liquid crystal panel (1) to which image signals are supplied, 
a display light source (2) for the liquid crystal panel (1), 

a detection circuit (5) that detects fluctuations in the average level of the image signals, and 

a modulation circuit (6) that modulates the length of the period in which drive signals are supplied to 

the display light source (2) by tracking said fluctuations in the average level. 

[Operation of the Utility Model] 

If the average level of the image signals is high, the duration in which drive signals are supplied to the 
light source (2) is lengthened, brightening the light source. Conversely, if the average level of the 
image signals is low, the duration in which drive signals are supplied to the light source (2) is 
shortened, darkening the light source. As a result, high contrast is obtained in the displayed images. 
Furthermore, compared to a case in which drive signals are constantly supplied, the service life of the 
light source (2) can be lengthened and power consumption reduced. 

[Embodiment] 

An embodiment of the present utility model is explained below, referencing drawings. In Figure 1 , 
numeral 1 indicates a liquid crystal panel and 2 is a hot cathode tube used as a display light source. 
Image signals received from an input pin indicated by 3 are supplied to the liquid crystal panel 1 via a 
liquid crystal driver 4, thus displaying an image. The drive circuit of the liquid crystal panel 1 can be 
based on either the simple or active matrix method. 
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The input image signals are supplied to an APL detection circuit 5. The APL detection circuit 5 is 
configured as an integrating circuit, a low-pass filter, or an average value detection circuit, and detects 
fluctuations in the average level (APL) of the input image signals. This APL is supplied as a 
modulated signal to a pulse width modulation circuit 6. 

A drive signal Sa from a high-voltage generation circuit 7 is supplied to the pulse width modulation 
circuit 6. The high-voltage generation circuit 7 converts a direct current voltage from a direct current 
power supply 8 into the drive signal Sa, which has a frequency of dozens of kHz and a voltage of 
several hundred volts. The pulse width modulation circuit 6 generates a drive signal Sb, in which the 
width of the supply period of the drive signal Sa is controlled in correspondence to the APL. More 
specifically, the duty ratio of a pulse signal having a constant cycle T is modulated in correspondence 
to the APL, and the supply period of the drive signal Sa is controlled by this modulated pulse signal. 

Figure 2 A shows the drive signal Sa generated by the high-voltage generation circuit 7. When the 
APL is high, that is, when the average brightness of the image signals is high, a drive signal Sb is 
formed whose supply period within the constant cycle T is long, as shown in Figure 2 B. Consequently, 
the hot cathode tube 2 becomes brighter, increasing the brightness of the image displayed on the liquid 
crystal panel 1. Conversely, when the APL is low, that is, when the average brightness of the image 
signals is low, a drive signal Sb is formed whose supply period within the constant cycle T is short, as 
shown in Figure 2 C. Consequently, the hot cathode tube 2 becomes darker, decreasing the brightness 
of the image displayed on the liquid crystal panel 1. In this way, control is instituted in the direction of 
enhancing the contrast of the displayed image. 

The present utility model can be applied to metal halide lamps used in liquid crystal projectors in the 
same way as in the aforementioned embodiment. 

[Effects of the Utility Model] 

The present utility model controls the brightness of the light source by tracking the average level of 
the image signals, and thus can improve the contrast of the displayed images. Furthermore, compared 
to a case in which drive signals are constantly supplied to the light source, the present utility model 
can extend the service life of the light source and reduce the power consumption. 

4. Brief Explanation of Drawings 

Figure 1 is a block diagram of an embodiment of the present utility model; Figure 2 shows waveform 
diagrams used for explaining the operation of the embodiment of the present utility model. 

Explanation of the Main Symbols Used in Drawings 
1 : Liquid crystal panel 
2: Hot cathode tube 
5: APL detection circuit 
6: Pulse width modulation circuit 

Figure 1- Embodiment 
4: Liquid crystal driver 
5: APL detection 
7: High-voltage generation 

Figure 2- Waveform diagrams 
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